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OIS!S 
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(74).ai£l2J 



4si : 



(54) Hfoisa SI 321 aai gn BHaa ^§ 



. ^3 

aes, aioixi gi. s ais. 9is. aH. 3« 

£ 1a mxi 5E 1c^ H ^^Sdl bfOISSSJ Hl^ S§S SOI^fe £3 

£ 2fe S ^SOII mO|2S2l ?-!« ^§^1^ SOI^fe £3 

£ 3S g ^SOil cue SBS bh012S2l ?2£B SOJ^fe AJA|£ 

£ 4a uTxi £ 4k S! £ Sa UIXI £ 5lS S SSOII OJ^ bJOI2S2|.«ai MB^ MM MW^fe 

c oi c eu-- micjy/,! aioi53 gJ2i Gig gjtjs soi^fe £a 
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" 1 : ?l&2 : e^A^# 
3: ^eiS 6hae|4: 9IM 



Mtsol Pim m D sot maiyi^ 
g ^gg bhoi2soii 3°^, ^si DNA m. s mm ^s^s^fe d^ol2;s 321 mmm nHay sffe 

ggf^ios. mOI22!(biochip)S ^gOIIAH ^2JIS adb. eeijg. DNA, Ol^g, S<Ng AII5 S PIS. ^SAJIS S 



§S ±7^S\ if 4* Sffe ^§01 9XZ\. 



HS^S. ggxHEl §21 2J8H ^5 S^£ill I^lfeS SSS 4* 2ife SW^! & 

JM agxiixHg ^a^sm 2i¥»^oii g[s§ffe b^ol£ a^a(biocomputer)2i m ssoia. 



AhSafe ^X||g§3f M^mm §£011 COS} DNA g?J(probe)OI ySS "DNA S(chip)". a4iU &Xfl/ifS!. eteiiaiSS 
#ii!(bacteriorhodopsin) §3} S^S'OI AtSS S (protein chip)". Ol^gg AFg^f "A||S 2J (cell chip)". <M 

AfgS "Wei S) (Neuron chip)" S^S ^MS 4^ 2i°01. A|g2| SxHei. e^g. JfSaH^ PI 

feJJfXI £101 JJS S^sjPlfeS STfe "UmU S(Labchip)"2f 2|S ^asfg§2| 3S SJ S^PIfeg 1? 4^ 

2ife "dhOI24yAl(biosensor)"e S&mOl m^^tm §211 4= SiQ. 

oiath bjoisns PH^sFPi ?j6HA4fe ^xiiggiu as efsai A^o|2| aiamioi^iS ss^^s 

Ai^ 4sai.gi!2i pifes acH& sgm 4* 9xy\ 8hfe 201 gfis^a. 

^SI.DNASOIU B9!J§ S as bJOI2S!OliAlfe ShS ^XllggSg a^OI3S0^|e^ 9«S (micrometer scale) °J 

:2£s DNAS2J 3^. zie^g ^a§s» m^m 4^ sife s^oi ir^api rasoia. 

PI^OII 2|8h^ 400,000 gS(probe)S UlSi^ DNA Sg ^I^E^ 4° 



g^^S a = XIS> ^aieOlU ^BIPIB^J as fiS ^IOIIAI 01x121 DNA AIS2f2J S if (hybridization)* SSH SUZ 
Stfe DNA SP|A)g3^ dIBSFfe gr&lS SSSOl sia. 



OIPiAJ, ^Pl Sif(hybrldization)S* eSI(l^^^ DNA2I & ^?|(subsequence)£} ^a^i^S Umm 4^ 2i= ^2 

jjo| gf ^9|)0|& ^g-:±:e|HC|c(singIe-stranded)DNASIhe 3lfll4JOII USSAISJ ^. a3!!(target) geij^ 

0«A) ^M5S!ej gPIAIgg ^?l2f CHS-r5;SSiCI=(double-stranded)DNAB S^Sffe 3im 5\Q\mz\. 

m^h\ Oliri g,^gOIU I2§aS DNAU EJ3i! DNA SEfe S If (hybridization) ^dl ag-;d:^gnpc(double-sftranded) 
DNAM 2!Ssl ef^(label)g 6HAI S^5^fe SSM ^ 4= aOfe SggOl SiP. . 

DNASj2| §gS a»H. ^SaSD ^^E^5^il, CU^^oS SiMfPil PIS2J S a:7IS§(gelelectrophoresis)U Stf 
(filter hybridlzatlon)2| B3tl« 4=^^ m'SP^ 2iPfe §0111. gJH ef 15 ~ 30gP|2| aolS Pf?S! SS g 

SS A^gg,^2SAM lilifg AI2h SJOII S if (hybridization) 3a» S 4^ SiOfe §0101. •SlflH SS Phfe& SPIAIgg 1?^ 

s DNA gg 3^. e^esi imeg diii&osw ^as2i gg m 4^ s^afe soid. 



SIH2J DNA S Pl^ S 3g£2J DNA Oiai0l(array)S 2iM}?ll »RSJfe SSa. ^^21 Sl^aSJ. gJS S! 

me 015? gfs aoilAi ofsj PHdSHOf m g;gi§oi aoi yojsia. 



Aj s!§ g^lI)e!d^» i^ssiof esg &Efe ©saa g£i2^gai2aoiH 



(o.igonuc.eotides)U HQOIS ^.^.(Peptide Nucleic Add : PNA)^ OIEI m^^CA S4^0II SEI^ g^^og 3^ 



e^Wl^^-^l(in-^tu)ifSmfe gJSOl 2ia(0l^ ^ai 5.143.854). 

ziau. 01 sas DNASS I^lo^D 2^2121 mmm ot^a?^ ifi& m^\Di siaa. 

fooSa Sli'^prffil™ 2i ^ «^ * ^''^i 

soiiAi s ^&oi a2 2ia. 

ae.^. - gs^^,□^a ;«|a,(wash,ng)3J m-a HH § (mask aligning) SUS 01 afi8^2 HI5AI ^HI:'^ sfiSJ B 

X.-,. HvtH nioifviq: oig;.! naiHSV ^01 oiifl (piezoelectric printing) gf^^S 4:>^ XI bil 01 i:(base) g 01 mU 
DaU 01 40 ~ 50 ««OI-£J saillV^geil^aOl -(Oligonucleotide)* 2^X12.^. bH S (aligning) S 

st.^. Ais^gia SA^§fl2l s^^Ai. es eoi u&u^ BSOI 2ia. 

na^Jei gJgOiaj ir 4^ sit O^OiasmB!>§(micropipetting) cDNASI Si! (spotting) gf^OI SID 

(TIBTECH le": 301 - 306, 1998). 

01 -ass £^ £^ DNA S!S Bis^ ^ apfe □^^^.^011 «|o_foi afe 9S0I 2io. a^g ^^si 

DNaS BiSfOilSt SSa2 2ife ^SOID. 

-au_ga|2Q0IS(oligonucleotide)M0| ^Sfr ^J\m At-,o.-i -.^vh / 

a. 

^ 4.^011 sife Bsol aia(oi5? sgj 5.091.652). 

=. ^^--.-.1 oj-u e= matoj Hm aiLIOi e 2H>-ai 01 £1(11 near translator) UiSaCH 2i= AI:i:SS 

SwYmo^-^cPg!^^^^^^ ^^^^^^ 
l^ kk^z^M2io\ 4.fia= Bsoi 2i2ia. 

s«i. liHe SS2J a^is si^ash^ai aoi s^esi moisss ^ 2ia. 



s S4^s P^ SEH2J gai 

a 2101 ^soi 
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B i?s£i u^ol2i!s iJiea. jib aaoii g^a^ e^A^#2^. e^A^s 91011 gsafe m^mut, m^msi 4:§s^oii 
o\D\M. mmo\m. dibsi s^2f as s^sj s^fiss ?-iM(wobbie) gEHs oi^oiaa. 

^£l(glass). S^I5^eb||OI e(poiycarbonate). Sam|es}gs2eo||ge!!(polytetrafluorethylene). gai^il 
!«(polystyrene), ^aiS ^AJOIH(silicon oxide). ^£15 U OI^M SI 01 ^(silicon nitride) S Wi^ olU^ Ol^OillH. 

#s e sEfe ^^^ois^s oi^oiiiffl. msmB &Mm ?ioii ^aie dhas^jji. ^ais <yasi ?ioii ^fi^ 

o\&m =?z9i a[o\zmm m^m miay gfas ofoiass sisAi^ife &5ii2f. sisoFfe dhoissoii m± seh 

oi:>iAj. a^lOlJ^ b^ol2gj2l e^^oiiAH 21? sfe £|^oii>m ^^mm a}E} m^^-^^.^ oies^AH m 
OI2S0II ^AjafeGii. 01 aiioiTH u^ol2g£i siiis ijxishoi s^sfAi^ 91x1 {^s.m ags^fe :gi 1 ua. «i 1 
SSI ?iw ^soii msi mo\zmsi 9ix)« g^aAi9ife bi 2 gos u^cms 4^ 2ia. 

oiaith sfgos raaya mi\ mmm ^sepi ?iohai^ bioiegjoii ^o\5: smsi e§s ei^oabeoa 
mmm e^SAi^m. mens, siusi mm mmo\ e^es moi^ns sjsaiej am. siaehfe uhoissoii e^lOlx^ 

oi:?iAi. Biiom as 2f2fsi axil g^on siasfe §§21 g#oii ©ei afiJi msoisi aioixn se Mgir 

SieOl. gg SEfe 2!2lis! S§S Algg^Q. 

oia aoi s ^►ss n <Mga2i ^D\m wm2i s ci>;B£| qioiei Jimm^ dna e^i mm s&shfe 
bmi2soii ssmoj xigofSAis tim& §! a^is:)! uioiassi 2f^l^ jlijfs) stJis Aigmxi stJi 3 

e DM ^21. S SlgSS £9g StStf ^AIOIIBSJ &^A|leh ^SS SoH SeijgH§ 2!0ia. 

s ^^soii mm bfoi2a si nei ^ai mm May ^ ^§ srasi m^sj^ ^aioiioii z»mo\ s^a se^s sssioi 
^sms ornm mo. 

axH. s ^goii me sieg moi£si°j sis s§ s n ^ctsa asui so-. 
SSI ^3E9 aof^^ saoia. 

B sssi moisss a:)ii 3^1x121 BD\\m ?\m m^&q. 

5! SSS >;i!ffl(stamper)Sf^ g^S GfHfe 3§eJ DJ>ia U (mastering) S §0111. ^ aXQI SSS H :dri!IH 
S OlSolOj b|OI2i!g MS, 2E|(2P(photo-polimerization))ei01l 21811 CH^ ^{^m ^ 91= Mm S§ 

oim. All mm g§e s^Aisf. ^nfsi. g^g g§ ojgj g§a ipiaysife uvoiaa. 

^, £ 1aO« £Aia ti[2i ^01 Df^iat! ^ AhS S§S 01 Sol 01 e! = (land) S^3I Zl^H(groove) g^S 

3>fe :jie(i)S fli^g>a, 

Oi:?|Ai. :3ie(1)S ^ai(glass). Sai3|ML||0IE(polycarbon'ate). SBIHIM2IS^2S0||llSy(polytetrafluorethylene), M 
eiii; Be! (polystyrene), ^BIS ^A|0|£(siiioon oxide). ^SIS U0IMB|0|= (silicon nitride) SS ^Dimm MB& 

nam, ?ie(i)2i n^s s^ai ssh 9^21 3:?iiae £ 2011 £Aia bia aoi ^s(wobbie)(4)§EHs oi^oisq. 
:jie(i)g mm sehs m^m^ oi^fe ugoii aai g§s iwaymiHU ^ssife 3^. asife ?ixi2i ^bm mm 

81 Sr^l 9l8H/cfO|Q. 

0101. £ 1bO« £A|@ mSI ^01 ■J\B(^) aaOII e(Au) Sfe ^^¥DlH(AI)2f 3^ e}A|S(2)S 3i!A|9i:ii. DIJISv 
SS £ 1cO|| £Aia bl2l eOl mm gS3|2| &§D\m ^£oi:7| MSiS t^m^iStOzm^ r^iIH a (sputter) 
SOSSSAI^ICI. 

Sieg moieg ?IBS £ SOIIAJSI SOI ?I£2J gSJS C|>:3(compactdisc)2l ^AlSh SSTS :7I§ 4= 2iS 
<iiD:7KRll2ooio^AlJ »2J HJIfe ¥IHI 1.2 mm. IIS 1cm. 2cm. 4cm. 8cm. 12cm m°S. M^m ^ 



E 4a L41XI £ 4kfe s ^^sofl CDS S!»s moisgoii ^si SIS ffliaymfe g§s fioj^fe EessAi. sies 

b^OI2ij2J 0\i^& ea!j(track)2| g^S SOJ^fe ESOID. 

G||6IH(glutaraldehyde)e« OlSSfOI Ojei :)l(-NH3)2f gJg^lS SSAmP. 

OICH. S£ 4bOII £Aia U^2^ SOI S^g5| ?IOfl ass g§(photosensitive species. R)» ySAI^JQ. 

OIPIAH. ^S^SKsilanization) SI g§S| ai!(coatlng)S S}g gSHQI g3i2ife g:>IOIIA| SiH. ^5! 3 

OICH. ^a8^fe &e ¥t>SS gaiy (cleaning) All (washing) STSS SSH Sl^lSa. 

Qgos. £4cOII EAIS b}2F aOI i^SS SSOl 3113 :»IBS SISAI9ISAI SEHSI EHIOIXi 5MSK)i ^ 

2s ?.ioiTi Dois'=oiiAi gffta^ aioixi as £ saoii £Ai@ SOI :)i&2i ^^-g [^b^ oiai m^5\o\ sife J 

i"l5(lS,tefralk)S ^11;^ ^^^^^^ OlSf S6h^ ^xm 3 -^£J 2ife i^S^ S§ 

8 s^aAigja". 

OIIIH aiOIJH a >:5(spot)£| 1 - 100/«.SA1, aiOIXi S >i5J2| sjSg 3E^0I PFfeShHS Sm nHS 

g liga!aAl5l=ai ^SISFD. 

IS'^?o%VAal aroli ai^ol^k-MSPi (Digoii gJSMa iWEiy oh^ chit ^i^m 
lW^^%Vmo\\m^D\^^ ?i^ia »^^Ai3ife ssis Mg» ^e aa. 

mPiM o.x■,8^■^ES IilBOl Siasm 2ife ^EHOIIAI SEH21 2M0|Xi SS SAHJ o^MI. E 4d(Hi EAIS tim 

Soi^ie^is ?i*ioii a«i gsoi n^mm ^ 9i^m s^a m&m s^eo. 

Sa^^i ai aif^^a^V^^^^^ nne s^oiiAiej ^sg(coupiing) eieoi ^cnya. 
nam. e^soi aoiuJi as s^si ^i^mmm m:ho\d\ ^mo\ eaiy s aii*! sss 4»s&a. 
oi:>iAi. :>IBS S!§& sisa-^ ^^^sss a^^oii 215H fli:Haa. 

QgHs. £ 4f mxi £ 4kwi EAia ma aoi e 4c uixi £ 4ea ^mm s§g 4^^moi os s^chi o 

om. MgSfe HQOIE(peptide). eaijg (protein). SSI (antibody). DNA. PNA. a4:(enzyme) ^t^t 4- 
Sia' ° 

(oligonucleotide probe)fi tf^sKM DNASS Hl^SJfe SSg ffiOI^= ESOID. 

n^^-v nMA «:)|oi s^AifHi 2JS^ S£I2[H H (oligomer probe) °l jgjSfS dFOI2eiSD«Si>iO|| o^g^ g ciXjei 
2|lS(de'st%cfiaTeTr£[ir^^^^^^^ ^1^^ l§ S^S ^St.^ aiOIXH 0, £3.^ (addressing) gj^og 

«2» = x.niiJ cc- xHPj>dnmg4!j S§ aj^S(labeling)AIEl AIS geJiS g ^^S2| §!BS DNAUOil ^SI^S} 

Itl^hybridJaW) cjg. o^ala is gf^o^ dna£1 ".^^§£. £UEi^.m 4= «a. 

SLiaDS mmM^ e 7 s £ aoi ssj ai^^soi gfitjai. ssvasej geis ci^bbi qioih pi^/ih^ 
m ^JiTssf Ai>;gjs A^S8^s so- 

.= -.o.L} 2!2ia gAS S§ g2S 2J^ij8 gSs bFOISSa gvg(hybridization)AIEJ ^. Zl a 
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□am. :^as aas ^mM^ djoisss sisai^ih. sibs dfoissoi sss}^ moi aioin gjoi ojebii^'sjs 

M ^§ S^OII :n§SfS SSSi S3£S SSS^OI ^JS BI (signal pracessing)g.^a. 

0\DIM. S§» A^So^fe ae^2!el aiOlXi(confocal laser) SgUi* S ajasi 

Oil ^mm 4^ 2ia 

5IZISJ, ^2ld gSa A^go^fe ^e^ej S aia Al^igOa IJOI :JH?4'(Numerical Aperture :NA):?h 0.45 

21 CHS@!^SI IU30I 780nm2J 3l\0\Xi aOI2E(Laser Diode : LD)330I A^SSQ. 

S?l^(focusing)S d|§4s» S^'s AheSHl. egjjgj (tracking) »l01fe ghSSh m^m 4= Slfe 3gl S?I4! 
(three-beam focusing) 01 MSB O. 

nam. sf^ QB mmo\ sim& idusi «xii mm^^ mmM^ g^oiife g§2i s^oii ©ej 
^. gis s§s 2 A^§5^fe s^oiife msp^F as aioixi aoissM ^ A^§e 4* 

01 (IH. PMT(PhotoMultiplierTube)Ma S g^MS HI §01 Xig§v OH^exj S£aOI2 = 

(avalanche photodiode)M A^§& 4° SID. 

3Sia. 5ISSI ess aiOIJH >:3HL:l(confocal laser scanner) S^2h ^^HLiS Ofllft^ 4» Stfc bfOI2g ± 

^ SieS HfO|2S! E2}0|Ma fllSMJ 4= 2iD. 

S ?iS2| Seg bJ0|2S£I flISSSI S i!^ SS§ =S|0IH(drive)2| £ 8M ^Q. 

S ^^SS CD-ROM(Compact Disc Read-only Memory) He> 01 Ma ^AhSf^l g^HS SE^SIfe HEfOlM HI 

oi:>ia s!afflioi>sS ^ss 4^ 9ia. 

0\DIM. =2fOIH HlOl^lfe AJS Mm, OIOIS XHE|:7|. A|>;i! XHEPI ?«iEiIl. 2!aiHI0!>ife UhOlfiSg fli 

BH Sfith AI|S| S§ #21 

SE&^. HBl^OIS fll0i:»|fe SieS bFOISSaSJ Siaa S aiS SXISI M 5§8HM § a{gofl o|8H gjOISei ills 

s x-iaigjD. 

^, S SIS Aie(servo)0|l &'S& S^^'(focusing)(P:i:B 0011 4^^^ gflfSI AIM) i! ea!U(tracking)(C|iI;a 
OIIAl tOBfDFfe Aie)S m&M §S£S sa&D. 

EB^OIM 0H3IIL|g(mechanism)S W aJS SieS btOjSSJ SSf(ioading)¥. SieS btOI2S 6II0IS2^ Sifll 

aa rdiBM a El (spindle motor) ^^SQ. 



s ^soii btoi2S! s ii£i gs nnay si ^§ sfaoii sfoiAife Qga mJI^^^ 9ia. 

^m:&Bm°i :>\BM ss!^ ci>iaa ^a\& aioi ji oiHai4! gj^a oigsosw, mmm mm 
01! mi ays 4^ aa , 

oiEiM uioii da aim cie ^mmmm HS3aicHM(programmabte)8j3ii 32§!snr 4= aoi mEi- 

b^OI2d!A^(multi-biose^so^) #011 ai^^iej fllSfe^ 4^ 2ia 

gJH. SaiI2CH(oligomer) S!2| M^M SMM STS 0^>laP^ gfiSHHS PSe. 4;^ SSEOil ^#^oS 

cHsiw 4» 91^ DNA gj g?<i> mmm 4* sia. 

DNA omS} eeH§(protein) S S SI Ef 01 = (peptide) S #21 BI^AIOIIE SieS D\&m AJgSfOl ei-AI 

^(in-situ) irSOl g§M >aa(setup)&» 4» SIQ. 

msiM. asife btoias g:>ii aioia:?} ^^oixis ssa ss^aisoii 218H 2}9oi eg sehsj bhoi2 s «i^s§ 
m nmmm 4* a^ii ssoi sta. 



BNSDOCID: <K R a CI010Q433aA I > 



r 



yiBH. I'leg MgiJ°SMI. gS^SS aamfe 3ie AlsfSI 9i^(mixing)a Aliaj (washing) SMS § 

5iAiy~=? 5lD. 

DijjjH. aes bFoisssi Qioia ?i8Hai 9IS2i cdr s^si s a.- §xi» A^gl^osM^. aioia %\ 

s'bFoleS! ^e|0|tH)2l BI^IJI^S 4- 2iD. 

01.4^ UIS# gSH S ^SSl Ah^^S Ol^mXI O^L|S^fe S^loyAI OgfS ^3 35 

&S V'sie 3! 01 a. 

Oje^/H. H ^►SSI :>|#2£! ^Al OIIOll mSSS gfSEIfe 3!0I OhUai ^Sl S?2| a^aoil SjmOl 

:>ie; 

:'ie asoii s^sfe ^ajs: 
S1 1 #011 sioiAj. :>ies sise! s^e ^9°^ umi2S!. 

ITs^Oil SIOI Ai. IHeS 3^M(groove) S^3f S«H(land) S^a 2!S ^§°S mfe bf012S. 
§::;is|-4 

»i 3 sroii 2ioiAi. hps s^af ssh s^si s^iss ?4M(wobbie) gae! as ^sss mte ofoie 

s. 

T» - stAii oiruu A^^l Tiws spi/niass) S£l9jaUI0l^(polycarbonate). g£l HI^B^B^S^OIISei 
I 01!:^ mUS Ol^OIXlfe 35S ^S^S Sffe HtOi2S. 

»| 1 trCHI SiOlAl. 4.01 B.Uh#B S. m^om S 011= §^2! 2!S ^SHS Stfe U^0|£S). 



Sfe ess SQOIH. BS!{§. iJMI. DNA. PNA. S^i S 01!= 8hU 

Ol^f" 



M 1 i}oii sioiAi. ^31 aai e§ inieon M§a= • 



Die 91011 e^MS g«#oi g^a bmiessi raay sraoii sioiM. 

^ui bloi2g« §lSAl5lfe «l 1 e^ll; 

-yOll gEHSI aiOIH ^MSfOI ^I?! ±§S^SS SSSfAI^M 
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SI 2 930; 

4^31 ssaa 4:§ss«ofl «xo g§ iDiee ii§SAi5ife fli 3 9?ii; nam. 

m 2. HI 3 gJ^mfe HI 4 OI¥0|X|fe 2!g ^S^S SJfe dJOI2gS£| ^xll g§ IfflEI 



jgi 9 gOfl 2iOJ/d. HI 2 B3II01I/H. 



oiiA) si^ mm £fe fl^oiiAi efe' grife msi ^^^-^^.s. oims^M 



fli 9 ifOll 2iW/H. HI 2 SPilOllAi. 

^31 aioixi as ti\o\2.m2i m.^m sjiskm g^aXia i^m.m assffe hi i mm. hi i as) 
^moii msi b^ol2S2| mis ^xm s^aAi^i^ m 2 es^s i?s«Eife 2«g ^s^s sf^ ufoiassi 

mm may a^. 



HI 9&OII 2iO|/H.4J3l HI 3 9311 ^011 ±S^^m 3§aEJJI S{ 

utoi2sisi ^^1 mm may as. 



501 mm\ 



:>ie 91011 eh Ahs sj es#oi s^s ufoisssi axa e§ ^§ aaoii s^cMAi. 

Htoissoii sjoisE s^u2| gi? ess ei^Kiabeoa ^ai smm mmMBi^ hi 1 9311: 
4^31 ^o\Si smsi ^ai s^oi ehs@ bfoiass £i2!Ai3ife hi 2 mm, 
^^^\ s^5^^ b^olsso^l aioixn as a^^ios ^ajskm 4}:?i ensi sieaaf b^ol£s 

s <ym «di5K)j 4^31 ^ai 

as. 



f§a ^§5hte 93IIS Ol^OIXIfe 3!S 



A< ^^Sfe SIS 

bmi2S!£i mm 



s=?tri4 

H1 13 troll siCMAH. &OI aioiJi as 4J?i 2|2i2i 4SHI e§oii sfSEife siS! gasi 
enoixi as Mmsit: 3is ^s^s g^fe woi£S2i &m mm ^§ as. 



^011 (HEi Om HFSCHSI 



HI 13 SOI 

a. 



bfoisssi mm a 
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